The present investigation was carried out to test the biocontrol potential of a phosphate solubilizing bacterial strain, LK11 isolated from mungbean rhizosphere, in Gujarat, India. This strain besides solubilizing the insoluble P also demonstrated inhibition of Sclerotium rolfsii growth in agar plate and produced a volatile compound, HCN. During in vitro studies LK11 inhibited sclerotia germination by 40%. The most important contributing factor towards increased mungbean growth by reducing fungal attack was the enhanced production of antifungal compounds like PAL (47 mM/ml/mg of tissue), phenolics (90.2 µg/ml/mg) and flavonoids (184.2 mg/ ml/g) which is comparable to earlier reports available. Testing the efficiency of this strain in consortium culture alongwith some other PGPR strains and biocontrol microbes at multilocational fields is in offing.
Introduction
Biofertilizers are organisms that enrich the nutrient quality of soil. A group of bacterial population closely associated with rhizosphere region of soil is known as plant growth promoting rhizobacteria (PGPR) and is mainly involved in enhancing plant growth by several activities. Such plant growth promotion may be achieved via one or more direct/indirect mechanisms such as phosphate solubilization, nitrogen fixation, biocontrol and production of plant growth regulators etc.
Phosphorus (P) is second essential macronutrient next to nitrogen which is most commonly limiting the growth of crops and is applied to soil in the form of phosphatic fertilizers. Plants acquire P from soil solution as phosphate anions. However, phosphate anions are extremely reactive and may be immobilized through precipitation with cations such as Ca 2+ , Mg 2+ , Fe 3+ and Al
3+
, depending on the pH of soil.
As a result, the amount available to plants is usually a small proportion of this total P (Rodriguez et al., 1999; Anamika et al., 2007 (Yaqub and Shahzad, 2011) .
Also, there are number of fastidious diseases for which chemical solutions are few, ineffective, or nonexistent. Biological control is thus being considered as an alternative or a supplemental way of reducing the use of chemicals in agriculture (Compant et al., 2005) . PGPR strains have been studied for decades for their plant growth-promoting effects through effective suppression of soil borne plant diseases through siderophore-mediated competition for iron, antibiosis, production of lytic enzymes, and induced systemic resistance (ISR) (Mamaghani et al., 2009) . ISR is mediated through production of sev- 
Materials and methods
Phosphate (1992) as given below:
Soluble P was also estimated in 100 ml NBRIP broth inoculated with LK11 according to the method of Nautiyal et al. (1999) .
Biocontrol potential of LK11 was assessed by both in vitro and in planta studies against the pathogen, S.rolfsii in mung bean. In vitro antifungal activity was demonstrated through direct inhibition of fungal growth in agar plate, HCN production and inhibition of fungal spore germination by LK11. Dual culture Plate Technique (Ganesan and Gnanamnickam, 1987) was followed where a sclerotium of S. rolfsii was placed in the center of a fresh PDA plate. Mid log phase bacterial culture was point inoculated in PDA plate at a distance of 3 cm from the center. A control plate was also prepared which contained the sclerotium of test pathogen only. The plates were incubated at 30±2ºC and were observed after 5 days.
Test for HCN production was carried out by spectrophotometric and inverted plate methods. In spectrophotometric method 18 hrs old bacterial culture was centrifuged at 7000 rpm for 15 min at 4 o C. The supernatant was passed through 0.2μ filter; then 2 ml O-phosphoric acid was added and observed for development of pink color. The absorbance was read at 530 nm. Inverted plate technique was performed following the standard method (Fernando et al., 2005) .
The bacterial culture was streaked on NA plate and inverted over the PDA plate containing sclerotium in the centre and then incubated at 30±2ºC for 5 days.
In vitro sclerotia germination was studied by plac- Plant defense mechanism produces some enzymes, phytoalexins and phenolic compounds during fungal attack. Therefore, the assay of 2 important compounds viz., phenolics and flavonoids (antioxidant) and an enzyme PAL was performed. For PAL assay 0.5 g fresh leaf tissues of mungbean plant were homogenized in 2 ml of 0.1 M sodium phosphate buffer, pH 7.0 at 4ºC.
The homogenate was centrifuged for 20 min at 12,000 rpm. Supernatant served as a crude protein extract and was used for the estimation of PAL activity (Anand et al., 2007) . PAL activity was determined as the rate of conversion of L-phenylalanine to trans-Cinnamic acid at 290 nm as described by Dickerson et al. (1984) protein.
Total flavonoid content was measured by aluminium chloride colorimetric assay (Marinova et al., 2005) . 1 ml of methanolic extract (as stated above) was added to 10 ml volumetric flask containing 4 ml of d.w. To the above mixture, 0.3 ml of 5% NaNO 2 was added. After 5 minutes, 0.3 ml of 10% AlCl 3 was added. At 6 th min, 2 ml of 1 M NaOH was added and the total volume was made up to 10 ml with d.w. The solution was mixed well and the absorbance was measured against reagent blank at 510 nm. Standard graph was prepared with different concentration of gallic acid and the flavonoid content was expressed as mg/ml/g.
Results and discussion
LK11 is a Gram negative, cocci that forms white co- (Table 1) . Biocontrol potential of a phosphate solubilizing bacterium 
Conclusions
The present investigation has revealed that the phosphate solubilising bacterial strain, LK11 has the potential to be applied in fields as a biocontrol agent for mungbean against its fungal pathogen S. rolfsii. Further, detail investigations of this strain are needed to present more conclusive results.
